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$X=(x(\beta, t), y(\beta, t))$
$X_{t}=Un+Tt$ , (1)
$\beta$ Lagrangian $t$ $U$ $T$
$n$
$t$ $\theta$
$n=(-\sin\theta, coe\theta)$ , $t=(coe\theta, \sin\theta)$ .
Frenet
$t_{*}=Kn$ , $n_{s}=-Kt$ ,




$T_{\beta}- \frac{\theta_{\beta}^{2}}{s_{\beta}}$ , (2a)
$\theta_{t}$ $=$ $\frac{1}{S\beta}(\frac{\theta_{\beta}}{s_{\beta}})_{\beta}+\frac{T}{S\beta}\theta_{\beta}$ . (2b)
Laplac$\triangleright Young$
$p_{1}-p_{2}=\sigma K$ , (3)
:
$\rho_{1}[\frac{\partial\phi_{1}}{\partial t}+\frac{1}{2}(\nabla\phi_{1})^{2}+g]-\rho_{2}[\frac{\partial\phi_{2}}{\theta t}+\frac{1}{2}(\nabla\phi_{2})^{2}+g]=\sigma K$ . (4)
150
$i(i=1,2)$ $i$ $g$ $\sigma$ $\phi_{i}$ $i$
$u_{i}$ $u_{i}=\nabla\phi_{i}$ Laplace
$\triangle\phi_{i}=0$
(4) $\beta$ Fredholm 2 :
$\gamma_{t}=\sigma K_{\beta}+(\frac{T^{A}\gamma}{s_{\beta}})_{\beta}+2A[s_{\beta}W_{t}\cdot t+\frac{1}{8}(\frac{\gamma}{s_{\beta}})_{\beta}^{2}-T^{A}W_{\beta}\cdot t+gy_{\beta}]$ .
$\gamma$ $\Gamma\equiv\phi_{1}-\phi_{2}$ $\gamma=\Gamma_{\beta}$ Atwood $A$ $A=(\rho_{2}-\rho_{1})/(\rho_{1}+$
$\rho_{2})$ $\sigmaarrow 2\sigma/(\rho_{1}+\rho_{2})$ $W=(W_{x}, W_{y})$
Birkhoff-Rott eqiiation 22)





$T^{A}$ $\sigma=0$ $\sigma\neq 0$ $\sigma=0$
$T^{A}$
$T^{A}= \frac{\alpha}{2s_{\beta}}\gamma^{l}$, (7)
14, 19, 20, 23) $\alpha=\alpha(A)$ $A\neq 0$ $\alpha\neq 0$ 23)
$\sigma\neq 0$ $T^{A}$





$x= \int_{0}^{\beta}s_{\beta}’\cos\theta(\beta’)d\beta’+\beta$ , $y= \int_{0}^{\beta}s_{\beta}’\sin\theta(\beta’)d\beta’$ , (9)
$(s\beta, \theta, \gamma)$ $(x,, y, \kappa)$ $\kappa=\gamma/s_{\beta}$
” ”
22
Sec. 1 (5) $K_{\beta}$ ” ”
(5)
$P.V.\int_{-\infty}^{\infty}\frac{\gamma(\beta’,t)d\beta’}{Z(\beta,t)-Z(\beta,t)}=P.V.\int_{-\infty}^{\infty}[\frac{1}{Z_{\beta}(\beta-\beta’)}+(\frac{1}{Z(\beta,t)-Z(\beta^{i},t)}-\frac{1}{Z_{\beta}(\beta-\beta’)})]\gamma(\beta’,t)d\beta’$ (10)





Fig. 1: RM $\kappa$ $\Gamma_{\text{ }}$ $A=0.2,$ $\sigma=0.05$
(a) (d) $t=1.4,$ $(b)$ (e) $t=3.0,$ $(c)$ (f) $t=4.14$ $(d)-(f)$
$\kappa$










$\hat{\theta}_{t}=\frac{|n|}{2s_{\beta}^{2}}\hat{\gamma}(n)+\hat{P}(n)$ , $\hat{\gamma}_{t}=-\frac{\sigma n^{2}}{s_{\beta}}\hat{\theta}(n)+\hat{Q}(n)$ , (12)
$N$ $\hat{P}(n)$ $\hat{Q}(n)$ (2b) (5)
(12) $s_{\beta}$ (2a)
Hou 15) $S\beta$ (2a) 2 (12)
$s_{\beta\text{ }}\theta$ $\gamma$ $x$ $y$ $\kappa$
Sidi 26) DFT
25 ( )24, 26)
)y $10^{-13}$ Krasny 27) $(2a)$ $(2b)$ (5) (9) $\beta$








$\betaarrow k\beta,$ $xarrow kx,$ $yarrow ky,$ $tarrow kv_{tin}t13,14)$




Sec. 22 ( .
. ) $\sigma=0$




Fig. 2: Fig. 1(c)
RM $\sigma=0$ $\sigma\neq 0$ :
$x(\beta, 0)=\beta$ , $y(\beta, 0)=0$ , $\gamma(\beta, 0)=2\sin\beta$ . (13)
RM (5) $g=0$ $\gamma(\beta, 0)\neq 0$
$y(\beta.0)=a_{0}\cos\beta(|a_{0}|\ll 1)14,20)$
$[-\pi, \pi]$ $N=1024$ Pinchig singularity
$N$ $N=1024$ $N=2048$ RT (Sec. 4 )
$(\rho_{2}, y>0)$ $(\rho_{1}, y<0)$
3. 1 Atwood pinching singularity
Atwood $A=[).2$ $\sigma=0.05$
Fig. 1 (a) – (c)
$\Gamma=\int\gamma d\beta$ $\kappa=\gamma/s_{\beta}$ (d) $-(f)$
$\triangle t$ $\triangle t=1.25x10^{-4}$
$N$ $N=1024(0\leq t\leq 3.0)$ $N=2048$







Fig. 3: RM (maxi-
$\kappa$
$\sigma=0^{14)}$ mum sheet strength or core strength) $\kappa$
$\Gamma$ ( ) $A=0.2$ $\sigma=0$
$\delta$ $\delta=0.1$
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Fig. 4: RM $\sigma$ $A=0.2_{\text{ }}$
(a) $\sigma=0,$ $t=0.93(b)\sigma=0.1,$ $t=10.7(c)\sigma=0.3,$ $t=12.0_{0}$ $(d)-(f)$ $(a)-(c)$
$\delta$ $\delta=0$
Fig. 1(c) Fig. 2 ( $y$ )
pinch$-0ff$ pinching singularity 7, 15, 16, 17) pinching
2 2
Atwood pinching (Fig. 5 ) $Atw\infty d$ $A=0$
pinching singularity 4 Atwood [Fig. 5 (a)
]
Pinching 2 1 Fig. 2
(a) (b) $\kappa$ Fig. 1
(f) (net vorticity) $y$
Pinching singularity
$\sigma=0$ pinching singul-arity Moore
18) [$Fig.4$ $(a)$ and (d) ]
RM pinching $Atw\infty d$
Fig. 3 Atwood $(A=0.2)$ $\sigma=0,$ $\sigma=0.05,$ $\sigma=0,1$ 3 $\kappa$
$\sigma=0$ $t=6.2$ $\sigma=0$
$\delta=0.1$ $\kappa$ $\sigma=0$ $\sigma$
Atwood
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Fig. 5: RM Atwood (a) $A=0,$ $t=4.45,$ $(b)A=0.5,$ $t=4.5,$ $(c)$
$A=1.O,$ $t=7.4$ $\sigma=0.05$ $(a)-(c)$
3.2 Interfacial profiles for various Atwood numbers and surface tension coeﬄcients
Fig. 4 Atwood $A=0.2$ $\sigma$
$\delta=0$ $\sigma=0$ $\triangle t=1.25x10^{-5\text{ }}\sigma=0.1$ $03$
$\triangle t=1.25x10^{-4}$ $\sigma=0$ $\sigma=0.1$
$\sigma=0.1$ $N=1024(0\leq t\leq 8.0)$ $N=2048(8.0\leq t\leq 10.7)$
(a) (d) $\delta=0$
$\sigma=0$ Moore 18) $\sigma=0$ $\delta$
(b) Fig. 2
(e) 2 $\sigma$
$(\sigma\geq 0.3)$ $\kappa$ $\Gamma$
$\sigma\geq 0.3$ Atwood pinching
$\sigma=0.3$ $t=15$ (Sec. 42 )
Fig. 5 RM $\sigma=0.05$ Atwood o
Atwood
$\triangle t=1.25\cross 10^{-4}$ $N=1024$
$N=2048$ $A=0$ $0\leq t\leq 1.8$ $A=05$
$0\leq t\leq 3.0$ $A=1.0$ $0\leq t\leq 1.5$ $A=0$ $1.8\leq t\leq 4.45$
$A=0.5$ $3.0\leq t\leq 4.5$ $A=1.O$ 1 $5\leq t\leq 7.4$ pinching singularity
Fig. 6 pinching 2
Pinching $\sigma$ $A=0$ 4 $A=0.5$ 2 $A=1.O$ 1
Atwood
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$\frac{\partial\eta}{\partial t}+\frac{\partial\phi_{i}}{\partial x}\frac{\partial\eta}{\partial x}=\frac{\partial\phi_{1}}{\partial y}$ , $(i=1,2)$ (14)
$y=\eta(x, t)$ $\eta$
$\eta\propto e^{i(\omega t-x)}$ (15)
$\omega=\sqrt{\frac{\sigma}{2}-Ag}$ , (16)
[ $k$ (15) (16) $\eta\propto e^{i(\omega t-kx)}$ $\omega=(\sigma k^{3}/2-Agk)^{1/2}$
]




(16) $g\neq 0$ $Ag>\sigma/2$ ( $Ag>0$




(15) RM $(g=0)$ $\sigma\neq 0$ $\omega=\sqrt{}$ [
$\sigma$
$\sigma$ Fig. 7(a) (b)
























$\sigma=0$ 14, 31) RT
$g\neq 0$
$x(\beta, 0)=\beta$ , $y(\beta, 0)=-0.1c\infty\beta$ , $\gamma(\beta, 0)=0$ (17)
Fig. 7: RM $\sigma$
$g$ $garrow g/(kv_{lin}^{2})14)$ $k$ (a) , (b)
$v_{\iota 1n}$
( ) $\sigma=2.0$ (b)
Fig 8 $A=0.2$ $g=10$ $\sigma=1.0$
$\triangle t=6.25x10^{-5}$ (c) $(0.05\leq\sigma\leq 2.0)$






Fig. 8: $A=0.2,$ $g=10,$ $\sigma=1.0$ (a) $t=2.5$ ,
(b) $t=3.5,$ $(c)t=4.5,$ $(d)t=5.0$ (d)
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Fig. 9: $A=1.0,$ $g=1.0,$ $\sigma=0.5$ (a) $t=2.0$,





Fig 9 $A=1.0$ $g=1.0$ $\sigma=0.5$ $\triangle t$ $\triangle t=$
1.25 $x10^{-4}$ $N=1024(0\leq t\leq 10.0)$ $N=2048(10.0\leq t\leq 11.6,$ $t=11.6$ $)$
Atwood $A=1.0$
[Fig. 5(c) ]
21) $g(g=0$ $)$ Atwood $A=1.O$
Fig. 10 (16) $Ag>\sigma/2$ $Ag<\sigma/2$
$Ag<0$ $Ag=\sigma/2$
Fig. 10
$\triangle t=1.25x10^{-4}$ $N=512(0\leq t\leq 28.0)$ $N=1024(28.0\leq t\leq 32.0)$
$N=2048(32.0\leq t\leq 34.3)$ $\kappa$ ( $\Gamma$ ) $t=28.0$
(17) Fig. 10 $(a)$ $(b)$
(c) Fig. 10 (d) $\kappa$
$A=0.2$ $g=5.0$ $\sigma=2.0$ $Ag=\sigma/2$
$g$ $\sigma$
Atwood $g$ $\sigma$ $\sigma$
Atwood $\sigma$









A g $\sigma$ $Ag<\sigma/2$ RT $Ag<0$
RM $Ag=\sigma/2$
Atwood
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